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Abstract 
 
The aim of this paper is to demonstrate the capability of ultrasonic techniques in the assessment of the structure and properties of cast 
irons, and also contribute to the database concerning the use of ultrasonic velocity and attenuation measurements for quality control. In the 
experiments, cast iron specimens with different graphite shape (lamellar, vermicular and nodular shape) and different matrix composition 
were cast. Ultrasonic velocity measurements were carried out on the as-cast specimens with STARMANS DiO 562 – 2CH ultrasonic flaw 
detector. Then, the results of ultrasonic measurements were correlated with the microstructural investigations on the specimens. 
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1. Introduction 
 
Typical applications of cast iron include automotive and 
diesel-crankshafts, pistons, and cylinder heads, electrical fittings, 
motor frames and circuit breaker parts, steel mill-work rolls, 
furnace doors, bearings, tool and die-wrenches, levers, and 
miscellaneous dies for shaping. Nodular cast iron shows higher 
strength and ductility than grey cast iron of similar composition. 
Inoculation of grey cast irons is widely practised and involves 
adding to the liquid metal shortly before solidification a small 
amount of substance such as magnesium or cerium. When the 
residual magnesium content of the melt is sufficient, the graphite 
grows with a spheroidal shape. Otherwise, various degenerate 
forms of graphite such as flake graphite may form; in this case, 
the sharp edges of flakes cause critical stress concentrations that 
have a more adverse effect on the mechanical properties than 
compacted forms of graphite with rounded ends. Whether the 
matrix is fully ferritic or pearlitic or other combinations, 
variations in the size and shape of the graphite can be produced by 
variations in chemical composition, casting-section thickness, 
design, and casting conditions.  
Ultrasonic characterization takes the advantage of the elastic 
and an-elastic interactions between the sound wave and the 
microstructure. Indirect assessment of graphite morphology is 
possible by ultrasonic velocity measurements that are also 
dependent on the mechanical properties. Another alternative is the 
evaluation of the ultrasonic attenuation. Cast irons consist of 
grains of the matrix phases and graphite particles having 
remarkably different elastic properties. Although the material 
shows isotropic properties as a whole due to random orientation 
of grains, elastic anisotropy and different orientation of 
crystallographic axes with respect to the axes of neighbour grains 
makes the elastic modulus different form grain to grain. The 
grains may also differ in density due to different phases. Thus, 
sound waves will suffer abrupt changes in their velocities, with 
corresponding changes in their characteristic impedances, and 
reflections will take place at grain boundaries or interfaces. 
Several studies related to this topic had been published [1 - 
12]. 
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1032. Experimental materials and methods 
 
Three cast irons with different graphite shape (lamellar, 
vermicular and nodular) and various chemical compositions were 
used as experimental materials. Chemical composition and eutectic 
degree of cast irons are in Table 1.  
With eutectic degree increasing is ultrasonic longitudinal wave 
speed decreasing, Fig. 1. On an opposite site to strength when with 
increasing strength is also increasing ultrasonic longitudinal wave 
speed, Fig. 2. 
 
Table 1.  
Chemical composition of cast irons with eutectic degree Sc; 
Chemical composition in wt. %   
C Si  Mn P  S Cr  Cu 
Sc 
GJL  2.98 3.14 0.50 0.022 0.015 0.28 0.06 0.89914 
GJV  3.31 2.95 0.52  0.03  0.048 0.04 0.04  0.9818 
GJS  3.63 3.99 0.40  0.05  0.027 0.10 0.01 1.19354 
 
 
Fig. 1 Dependence of ultrasonic rate cL in GJL according to 
eutectic degree Sc 
 
Fig. 2 Dependence of tensile strength σ of GJL according to 
ultrasonic rate cL
 
Metallographic specimens were prepared conventional way and 
evaluated with quantitative metallography methods – by 
metallographic software LUCIA 4.8. Microstructures were 
evaluated according to standard STN 42 0461. 
An ultrasonic measurements and results were obtained with 
using of STARMAN DiO 562 – 2CH ultrasonic flaw detector and 
materials characteristics were calculated with using of follows 
equations, [12]: 
cL= cLO*(L / LU); [m.s
-1]               (1) 
   E= ρ* cL
2*{ [(1+ µ)*(1-2µ)] / (1- µ)}; [Mpa]           (2) 
   G= E / [2*(1+ µ)]; [MPa]               (3) 
   K= E / [3*(1-2µ)]; [MPa]               (4) 
   α = kα*l*(cL / λ)
2; [dB.mm
-1];             (5)  
 
3. Experimental results 
 
Quantitative evaluation of cast irons microstructures according to 
standard STN 42 0461 is as follows, Fig. 3: 
•  Specimen N
o. 1 is cast iron with lamellar graphite shape (I) 
where 70% of flakes are with size 120 ÷ 250 µm have mixed 
distribution in matrix (C), rest of flakes are interdendritic 
distributed, where 10% have size about 15 ÷ 30 µm and 20% 
size about up to 15 µm:  70%IC4 + 10%ID7 + 20%ID8. 
•  Specimen N
o. 2 is cast iron with 80% of vermicular 
graphite shape  (III G) and 20% of undershapen nodular 
graphite (V) with size about 60 ÷ 120 µm: 80%IIIG + 
20%V5. 
•  Specimen N
o. 3 is cast iron with 40 % of nodular graphite 
(VI) of size about 30 ÷ 60 µm  and 60% of undershapen 
nodular graphite with size about 15 ÷ 30 µm: 40%VI6 + 
60%V7. 
For evaluation of ferrite and pearlite ratio in matrix were 
software LUCIA 4.8 used. Results are in Table 2. and micrographs 
can be seen on Fig. 4. 
 
Table 2. 
Area of ferrite in experimental cast irons 
Ferrite content (%) 
GJL GJV  GJS 
5.45 55.68  73.53 
 
a)  b)  
c)  
 
 
 
 
 
 
 
Fig. 3 Microstructures of cast  
irons for evaluation  
according standard STN 42 0461: 
a)  GJL 
b)  GJV 
c)  GJS 
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a)   b)  
c)  
 
 
 
 
 
 
Fig. 4 Cast irons 
microstructures for ferrite 
ratio evaluation: 
a)  GJL 
b)  GJV 
c)  GJS 
 
After calculation and putting all necessary values into equations 
1 – 5 we have received results for ultrasonic testing of cast irons. 
All results were compared with given values in material standards 
and shows pretty good correlation, as can be seen in Table 3. and 4. 
 
Table 3. 
Values given by material standard STN for experimental materials 
  L 
(mm) 
LU 
(mm) 
CLU
(m.s
1)  µ  E*10
5 
(MPa) 
G*10
5
(MPa) 
kα 
 
GJL  24.9 31.3 4703  0.26 
1.00 
- 
1.45 
0.40 
- 
0.58 
GJV  15.7 15.5 5912  0.26 
1.62 
- 
1.65 
 
GJS  14.3 14.2 5960  0.306  1.69 
0.637 
- 
0.657 
 
1.96 
cLO = 5920 m.s
-1
 
Table 4. 
Results of calculations for ultrasonic testing 
 C L 
(m.s
-1) 
E*10
5 
(MPa) 
G*10
5 
(MPa) 
K*10
5 
(MPa) 
α  
(dB.mm
-1) 
GJL  4703.8 1.33  0.53  0.38  0.437 
GJV  5996.7 2.12  0.84  1.47  1.64 
GJS  5961.7 1.83  1.83  1.57  0.633 
 
The ultrasonic wave speed in materials is affected by various 
factors at the same time. The main factors are thickness and 
hardness of material, ferrite content as well as shape, size and 
volume of graphite in matrix. 
   In  cast  irons  with  pearlitic  or pearlitic – ferritic matrix is 
ultrasonic speed significantly lower, about 1200m.s
-1, like in irons 
with ferritic – pearlitic matrix (see Table 2. and 3.). Ultrasonic wave 
speed is also slower at cast irons with lamellar graphite shape in 
opposite to cast irons with higher degree of nodularity. Even higher 
speed of ultrasonic waves has a cast iron with vermicular graphite 
shape, difference just 5 m.s
-1, in comparison to nodular cast iron 
(see Table. 4). 
   However, when the ultrasonic wave is propagate through the 
material an attenuation – α has appear, which is caused by 
absorbing and scattering of ultrasound at inhomogenity and 
polycrystalline surroundings. The attenuation of ultrasonic waves is 
depending on inhomogenity size (in our case – graphite particles) 
and wave length. In this case have vermicular graphite shape iron 
highest attenuation because of biggest graphite particle size, about 
23µm longer than lamellar and nodular cast iron. For comparison 
see results for attenuation calculation in Table. 4.  
In addition to metallography evaluation, also Brinell hardness 
testing according to standard STN 42 0371 was carried out. Brinell 
hardness was provided with loading of 250kp, testing identor 
diameter of 5 mm and time of loading was 10 sec. Results are 
shown in Table 5. Experimentally achieved hardness was confirmed 
with calculation: 
 
HB=2F/{πD*[D-(D
2-d
2)
1/2]}                (6) 
 
Where F is loading force (kp), D is diameter of testing identor 
(mm) and  d is an average diameter (d1+d2)/2 of mark (mm) in 
material. 
 
Table. 5 
Brinell hardness measurements 
GJS GJV  GJL  Specimen 
Number of measurement  ds
(mm) 
ds
(mm) 
ds
(mm) 
1. 1.285  1.2  1.43 
2. 1.22  1.265  1.40 
3. 1.245  1.33  1.395 
4. 1.145  1.28  1.38 
5. 1.29  1.18  1.375 
Average value of d  1.24  1.25  1.40 
Table value of HB  204  200  159 
Calculated value of HB  193  190  148 
 
The place of hardness measurement has a significant meaning 
because of cast iron matrix (ferrite, pearlite and graphite, all 
components have different hardness). So shape, size and 
components distribution will have effect on hardness measurements 
from this point of view.  
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1054. Conclusions  [2]  A.G.Fuller, Evaluation of the Graphite Form in Pearlitic 
Ductile Iron by Ultrasonic and Sonic Testing and the Effect of 
Graphite Form on Mechanical Properties, AFS Trans., No. 
77-102, pp. 509-526, 1977  
 
Three different cast irons – with lamellar, vermicular and nodular 
graphite shape were used as an experimental material. Microstructure of 
specimens were evaluated according to standard STN 42 0641 and with 
software LUCIA 4.8 were evaluated microstructure after 3% Nital 
etching. Brinell hardness measurement was also carried out. The 
ultrasonic wave speed in materials was measured with STARMAN 
DIO 562 – 2CH and direct probe GEM5 – 10. 
[3]  A.G.Fuller, Non-destructive Assessment of the Properties of 
Ductile Iron Castings, AFS Trans., No.80-162, pp. 751-768, 
1980.  
[4]  A.G.Fuller, P.J.Emerson, G.F.Sergeant, A Report on the 
Effect Upon Mechanical Properties of Variation in Graphite 
Form in Irons Having Varying Amounts of Ferrite and 
Pearlite in the Matrix Structure and the Use of ND Tests in 
the Assessments of Mechanical Properties of Cast Irons, AFS 
Trans., No.80-09, pp. 21-50, 1980.  
From experimental works we can formulate following partial 
conclusions: 
•  Ultrasonic speed in cast iron depends on its microstructure. When 
there is a higher ratio of ferrite and graphite in matrix, then ultrasonic 
speed is higher. However, in cast iron, where are flakes segregated is 
ultrasonic wave speed lower then in cast irons with nodular graphite 
shape even vermicular graphite shape. 
[5]  S.-C.Lee, J.-M.Suen, Ultrasonic ND Evaluation of Matrix 
Structures and Nodularity in Cast Irons, Met.Trans.A, 
Vol.20A, pp. 2399-2407, 1989.  
[6]  J.Cech, Measuring the Mechanical Properties of Cast Irons by 
NDT Methods, NDT International, Vol.23, pp. 93-102, 1990.   •  Ultrasonic wave speed is higher in cast iron with higher hardness 
value.  [7]  W.Orlowicz, Z.Opiekun, Ultrasonic Detection of 
Microstructure Changes in Cast Iron, Theoretical and Appl. 
Fracture Mech., Vol.22, pp. 9-16, 1995.  
•  The ultrasound attenuation at cast irons is higher when ultrasonic 
wave speed is higher and cast iron contents more graphite particles in 
matrix. 
 
[8]  D.N.Collins, W.Alcheikh, Ultrasonic Non-destructive 
Evaluation of the Matrix Structure and the Graphite Shape in 
Cast Iron, J. of Materials Processing Technology, Vol.55, pp. 
85-90, 1995.  
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